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METHOD AND APPARATUS TO CORRECT 
LEADING ONE PREDICTION 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention is related to the ?eld of processor arith 
metic units and, more particularly, to leading one prediction 
in ?oating point arithmetic units. 

2. Description of the Related Art 
Floating point arithmetic is a common feature of modern 

instruction set architectures. Generally, ?oating point num 
bers are represented With a value including a sign bit (s), a 
biased exponent (exp), and a signi?cand (sd). The ?oating 
point number being represented is equal to (—1)S*2exP' 
bias*1.Sd (assuming the number is normalized). The value of 
the bias may depend on the precision of the ?oating point 
number, as may the number of bits in the exponent and the 
signi?cand. For example, the Institute of Electrical and 
Electronic Engineers (IEEE) has promulgated standards 
(e.g. IEEE 754) for ?oating point numbers including single 
precision (32 bit) and double precision (64 bit) numbers. The 
single precision number includes 1 sign bit, 8 bits of 
exponent, and 23 bits of signi?cand. The double precision 
number includes 1 sign bit, 11 bits of exponent, and 52 bits 
of signi?cand. In both cases, the digit to the left of the binary 
point is implied and thus not represented in the 23 or 52 bit 
signi?cand. If the number is normaliZed (or simply 
“normal”), the implied bit is a binary one. If the number is 
denormaliZed (or simply “denorm”), the implied bit is a 
binary Zero (and the exponent has a predetermined value 
indicating that the number is a denorm). Denormal numbers 
are frequently used to represent numbers Which cannot be 
represented With both an implied bit of one and an exponent 
Within the range provided for the given precision. 
When adding or subtracting ?oating point numbers, the 

numbers are generally adjusted until the exponents are 
equal. Speci?cally, the signi?cand of the number With the 
smaller exponent may be right shifted until the exponents of 
the numbers are equal (thus, the implied bit of the adjusted 
number is Zero and the adjusted number is a denorm) and the 
number With the larger exponent is held constant. The 
signi?cands of the adjusted numbers can be added/ 
subtracted, and the resulting signi?cand With the larger 
exponent represents the resulting ?oating point number. 

If the magnitudes of the numbers are similar, the subtrac 
tion of the signi?cands (or the addition, if the sign bits are 
opposite) may yield a resulting signi?cand having one or 
more Zeros in the most signi?cant bits before the ?rst one is 
detected (leading Zeros). For example (using eight bit sig 
ni?cands for convenience, With the signi?cands illustrated in 
binary With the most signi?cant bit ?rst), 1011 1000-1011 
0000=0000 1000. In this example, there are four leading 
Zeros before the ?rst one (the leading one) in the resulting 
signi?cand. Such a result requires modi?cation to represent 
the result in normal form. Particularly, the resulting signi? 
cand should be left shifted until the most signi?cant bit is a 
one and the exponent of the result should be adjusted 
accordingly. 

Unfortunately, the normaliZation of the result is time 
consuming. Generally, the leading Zeros are counted to 
produce a shift amount, and the resulting signi?cand is left 
shifted by the shift amount (and the exponent of the result is 
the larger exponent of the numbers being added decreased 
by the shift amount). The serial process of generating the 
resulting signi?cand, counting the leading Zeros, and left 
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2 
shifting is time consuming, and thus increases the latency for 
completing the addition/subtraction. 
Some ?oating point execution units including a leading 

one predictor Which operates concurrent With the adder. The 
leading one predictor predicts the position Within the result 
of the leading one, and the prediction is either correct or 
errors by one bit to the more signi?cant side of the actual 
leading one. The resulting signi?cand is shifted by a shift 
amount corresponding to the leading one prediction. The 
most signi?cant bit of the shifted result is then analyZed to 
determine if the leading one prediction is correct. If the most 
signi?cant bit of the shifted result is a one, the leading one 
prediction is correct. If the most signi?cant bit is a Zero, the 
second most signi?cant bit Will be a one and the shifted 
result is shifted by one more bit to complete the normaliZa 
tion. Unfortunately, analyZing the most signi?cant bit result 
ing from the shift still adds latency to the addition. 
Some other methods attempt to alleviate the delay of 

analyZing the most signi?cant bit by, concurrent With the 
addition and leading one prediction, generating a correction 
of the prediction for cases in Which the prediction is incor 
rect. For example, such a method is proposed in “Leading 
One Prediction With Concurrent Position Correction” by J. 
D. Bruguera and T. Lang in IEEE Transactions on 
Computers, Vol. 48, No. 10, October 1999 (incorporated 
herein by reference in its entirety). Unfortunately, such 
methods may increase the area occupied by the prediction 
logic by approximately 50%. 

SUMMARY OF THE INVENTION 

A leading one correction circuit receives a signi?cand 
from a ?oating point adder and a corresponding leading one 
prediction from a leading one predictor, and determines if 
the leading one prediction is correct. The determination may 
be used to control a Zero or one bit correction shift of a 

shifted signi?cand (shifted by an amount indicated by the 
leading one prediction). In one embodiment, the leading one 
prediction is a one hot vector having the same number of bits 
as the signi?cand, With the set bit in the position predicted 
to have the leading one. In such an embodiment, the leading 
one correction circuit may perform a bitWise AND of the 
signi?cand and leading one prediction, and the result of the 
bitWise AND may be ORed to generate a signal indicating 
Whether or not the prediction is correct. In one 
implementation, the leading one correction circuit may 
operate concurrent With a shift of the signi?cand in response 
to a shift amount indicated by the leading one prediction (to 
produce the shifted signi?cand), and thus may not add to the 
latency of the ?oating point addition. In one implementation, 
the leading one correction circuit may occupy less area than 
the Bruguera and Lang proposal. While a ?oating point 
signi?cand and corresponding leading one prediction are 
used as an example, the leading one correction circuit may 
be used With any value and a corresponding leading one 
prediction for that value. 

Broadly speaking, an apparatus for use With an adder 
con?gured to generate a value and a leading one predictor 
con?gured to generate a leading one prediction correspond 
ing to the value is contemplated. The apparatus comprises a 
circuit coupled to receive the value and the leading one 
prediction; and the circuit is con?gured to generate an 
indication of Whether or not the leading one prediction is 
correct responsive to the value and the leading one predic 
tion. 

Additionally, a ?oating point execution unit is contem 
plated. The ?oating point execution unit comprises an adder, 
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a leading one predictor, and a circuit. The adder is coupled 
to receive at least tWo signi?cands and is con?gured to 
generate an output signi?cand in response thereto. The 
leading one predictor is coupled to receive the at least tWo 
signi?cands and con?gured to generate a leading one pre 
diction corresponding to the output signi?cand in response 
to the at least tWo signi?cands. Coupled to receive the output 
signi?cand and the leading one prediction, the circuit is 
con?gured to generate an indication of Whether or not the 
leading one prediction is correct responsive to the output 
signi?cand and the leading one prediction. 

Moreover, a method is contemplated. Avalue is received 
from an adder and a corresponding leading one prediction is 
received. Whether or not the leading one prediction is 
correct is determined responsive to the value and the leading 
one prediction. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The folloWing detailed description makes reference to the 
accompanying draWings, Which are noW brie?y described. 

FIG. 1 is a block diagram of one embodiment of a 
processor. 

FIG. 2 is a block diagram of one embodiment of a ?oating 
point execution unit. 

FIG. 3 is a circuit diagram of one embodiment of a leading 
one correction circuit shoWn in FIG. 2. 

FIG. 4 is a circuit diagram of one embodiment of a ?nal 
shifter shoWn in FIG. 2. 

FIG. 5 is a timing diagram of illustrating operation of one 
embodiment of the ?oating point execution unit shoWn in 
FIG. 2. 

FIG. 6 is a ?rst example of the operation of one embodi 
ment of the leading one correction circuit shoWn in FIG. 2. 

FIG. 7 is a second example of the operation of one 
embodiment of the leading one correction circuit shoWn in 
FIG. 2. 

FIG. 8 is a block diagram of one embodiment of a carrier 
medium. 

While the invention is susceptible to various modi?ca 
tions and alternative forms, speci?c embodiments thereof 
are shoWn by Way of example in the draWings and Will 
herein be described in detail. It should be understood, 
hoWever, that the draWings and detailed description thereto 
are not intended to limit the invention to the particular form 
disclosed, but on the contrary, the intention is to cover all 
modi?cations, equivalents and alternatives falling Within the 
spirit and scope of the present invention as de?ned by the 
appended claims. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Processor OvervieW 
Turning noW to FIG. 1, a block diagram of one embodi 

ment of a processor 10 is shoWn. Other embodiments are 
possible and contemplated. In the embodiment of FIG. 1, the 
processor 10 includes an instruction cache 12, a fetch/ 
decode/issue unit 14, a branch prediction unit 16, a set of 
integer execution units 22A—22B, a set of ?oating point 
execution units 24A—24B, a set of load/store execution units 
26A—26B, a register ?le 28, a data cache 30, and a bus 
interface unit 32. The instruction cache 12 is coupled to the 
bus interface unit 32, and is coupled to receive a fetch 
address from, and provide corresponding instructions to, the 
fetch/decode/issue unit 14. The fetch/decode/issue unit 14 is 
further coupled to the branch prediction unit 16 and the 

10 

15 

25 

35 

40 

55 

65 

4 
execution units 22A—22B, 24A—24B, and 26A—26B. 
Speci?cally, the fetch/decode/issue unit 14 is coupled to 
provide a branch address to the branch prediction unit 16 and 
to receive a prediction and/or a target address from the 
branch prediction unit 16. The fetch/decode/issue unit 14 is 
coupled to provide instructions for execution to the execu 
tion units 22A—22B, 24A—24B, and 26A—26B and to receive 
a corrected fetch address from the integer execution unit 
22A. The execution units 22A—22B, 24A—24B, and 
26A—26B are generally coupled to the register ?le 28 and the 
data cache 30, and the data cache 30 is coupled to the bus 
interface unit 32. 

Generally speaking, the fetch/decode/issue unit 14 is 
con?gured to generate fetch addresses for the instruction 
cache 12 and to receive corresponding instructions there 
from. The fetch/decode/issue unit 14 uses branch prediction 
information to generate the fetch addresses, to alloW for 
speculative fetching of instructions prior to execution of the 
corresponding branch instructions. Speci?cally, in one 
embodiment, the branch prediction unit 16 include an array 
of branch predictors indexed by the branch address (eg the 
typical tWo bit counters Which are incremented When the 
corresponding branch is taken, saturating at 11 in binary, and 
decremented When the corresponding branch is not taken, 
saturating at 00 in binary, With the most signi?cant bit 
indicating taken or not taken). While any siZe and con?gu 
ration may be used, one implementation of the branch 
predictors 16 may be 4 k entries in a direct-mapped con 
?guration. Additionally, in one embodiment, the branch 
prediction unit 16 may include a branch target buffer com 
prising an array of branch target addresses. The target 
addresses may be previously generated target addresses of 
any type of branch, or just those of indirect branches. Again, 
While any con?guration may be used, one implementation 
may provide 64 entries in the branch target buffer. Still 
further, an embodiment may include a return stack used to 
store link addresses of branch instructions Which update a 
link resource (“branch and link” instructions). The fetch/ 
decode/issue unit 14 may provide link addresses When 
branch instructions Which update the link register are 
fetched for pushing on the return stack, and the return stack 
may provide the address from the top entry of the return 
stack as a predicted return address. While any con?guration 
may be used, one implementation may provide 8 entries in 
the return stack. 
The fetch/decode/issue unit 14 decodes the fetched 

instructions and queues them in one or more instruction 
queues for issue to the appropriate execution units. The 
instructions may be speculatively issued to the appropriate 
execution units, again prior to execution/resolution of the 
branch instructions Which cause the instructions to be specu 
lative. In some embodiments, out of order execution may be 
employed (e.g. instructions may be issued in a different 
order than the program order). In other embodiments, in 
order execution may be used. HoWever, some speculative 
issue/execution may still occur betWeen the time that a 
branch instruction is issued and its result is generated from 
the execution unit Which executes that branch instruction 
(eg the execution unit may have more than one pipeline 
stage). 
The integer execution units 22A—22B are generally 

capable of handling integer arithmetic/logic operations, 
shifts, rotates, etc. At least the integer execution unit 22A is 
con?gured to execute branch instructions, and in some 
embodiments both of the integer execution units 22A—22B 
may handle branch instructions. In one implementation, only 
the execution unit 22B executes integer multiply and divide 
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instructions although both may handle such instructions in 
other embodiments. The ?oating point execution units 
24A—24B similarly execute the ?oating point instructions. 
The integer and ?oating point execution units 22A—22B and 
24A—24B may read and Write operands to and from the 
register ?le 28 in the illustrated embodiment, Which may 
include both integer and ?oating point registers. The load/ 
store units 26A—26B may generate load/store addresses in 
response to load/store instructions and perform cache 
accesses to read and Write memory locations through the 
data cache 30 (and through the bus interface unit 32, as 
needed), transferring data to and from the registers in the 
register ?le 28 as Well. 

The instruction cache 12 may have any suitable con?gu 
ration and siZe, including direct mapped, fully associative, 
and set associative con?gurations. Similarly, the data cache 
30 may have any suitable con?guration and siZe, including 
any of the above mentioned con?gurations. In one 
implementation, each of the instruction cache 12 and the 
data cache 30 may be 4 Way set associative, 32 kilobyte (kb) 
caches including 32 byte cache lines. Both the instruction 
cache 12 and the data cache 30 are coupled to the bus 
interface unit 32 for transferring instructions and data into 
and out of the caches in response to misses, ?ushes, coher 
ency activity on the bus, etc. 

In one implementation, the processor 10 is designed to the 
MIPS instruction set architecture (including the MIPS-3D 
and MIPS MDMX application speci?c extensions). The 
MIPS instruction set may be used beloW as a speci?c 
example of certain instructions. HoWever, other embodi 
ments may implement the IA-32 or IA-64 instruction set 
architectures developed by Intel Corp., the PoWerPC instruc 
tion set architecture, the Alpha instruction set architecture, 
the ARM instruction set architecture, or any other instruc 
tion set architecture. 

It is noted that, While FIG. 1 illustrates tWo integer 
execution units, tWo ?oating point execution units, and tWo 
load/store units, other embodiments may employ any num 
ber of each type of unit, and the number of one type may 
differ from the number of another type. 
Floating Point Execution Unit 

Turning noW to FIG. 2, a block diagram of one embodi 
ment of the ?oating point execution unit (FPU) 24A is 
shoWn. Other embodiments are possible and contemplated. 
In the embodiment of FIG. 2, the FPU 24A includes a prep 
circuit 40, an adder 42, a leading one predictor 44, an 
encoder 46, a shifter 48, a leading one correction circuit 50, 
and a ?nal shifter 52. The prep circuit 40 is coupled to 
receive operands (OP1 and OP2) from the register ?le 28 
and is coupled to the adder 42 and the leading one predictor 
44. The adder 42 is coupled to the shifter 48 and the leading 
one correction circuit 50. The leading one prediction circuit 
44 is coupled to the encoder 46 and the leading one 
correction circuit 50. The encoder 46 is coupled to the shifter 
48, Which is further coupled to the ?nal shifter 52. The ?nal 
shifter 52 is coupled to the leading one correction circuit 50 
and to provide a normaliZed signi?cand. 

The FPU 24A receives ?oating point operands OP1 and 
OP2. The prep circuit 40 prepares the operands for addition. 
Speci?cally, the prep circuit 40 may right shift the operand 
having the smaller exponent by the number of bits equal to 
the difference betWeen the smaller and larger exponents of 
OP1 and OP2. The signi?cands thus modi?ed are output by 
the prep circuit 40 to the adder 42 and the leading one 
predictor 44. The prep circuit 40 may also provide the signs 
of the operands or an add/subtract signal based on the signs 
of the operands and the instruction to be executed (eg a 
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6 
?oating point add or subtract instruction). Alternatively, the 
prep circuit 40 may one complement or tWos complement 
one of the operands to cause a subtraction to be performed 
by the adder 42. The adder 42 adds (or subtracts) the 
signi?cands, producing a result signi?cand to both the 
shifter 48 and the leading one correction circuit 50. The 
leading one predictor 44 generates a prediction of the 
position of the leading one, outputting the prediction to the 
encoder 46 and the leading one correction circuit 50. The 
leading one predictor 44 may be Well knoWn in the art. Any 
suitable leading one predictor may be used. For example, the 
leading one predictor proposed in Bruguera and Lang may 
compute the difference of each bit position of the operands 
(Without carry or borroW from adjacent bits), and may 
generate each bit of the prediction from tWo or three adjacent 
bits of the difference vector. Other proposals may include 
Suzuki, et al. “Leading-Zero Anticipatory Logic for High 
Speed Floating Point Addition”, IEEE Journal of Solid State 
Circuits, Vol. 31, No. 8 August 1996 (incorporated herein by 
reference in its entirety) and Quach and Flynn, “Leading 
One Prediction-Implementation, GeneraliZation, and 
Application”, Technical Report CSL-TR-91-463, Stanford 
University, March 1991 (incorporated herein by reference in 
its entirety). 

Generally, the prediction generated by the leading one 
predictor 44 is either correct (ie the prediction identi?es the 
position of the leading one Within the result signi?cand) or 
is incorrect and predicts the next most signi?cant bit to the 
leading one Within the result signi?cand. Accordingly, if the 
result signi?cand is left shifted so the bit predicted by the 
prediction is the most signi?cant bit, then either the most 
signi?cant bit of the shifted result signi?cand is a one or, if 
the most signi?cant bit is a Zero, the second most signi?cant 
bit of the shifted result signi?cand is a one. Therefore, a ?nal 
left shift of either Zero bits or one bit is provided dependent 
on Whether or not the prediction is correct. 
The leading one correction circuit 50 determines Whether 

or not the prediction is correct, using the prediction and the 
result signi?cand. The leading one correction circuit 50 may 
generally determine if the bit indicated by the prediction 
Within the signi?cand is a binary one. If the predicted bit is 
a binary one, the leading one correction circuit 50 deter 
mines that the prediction is correct. Thus, the output of the 
shifter 48 is the normaliZed signi?cand resulting from the 
addition/subtraction being performed by the FPU 24A and 
no additional correction is performed. If the predicted bit is 
not a binary one, the prediction is incorrect. Thus, the output 
of the shifter 48 is corrected With a one-bit left shift in the 
?nal shifter 52 to generate the normaliZed signi?cand. The 
leading one correction circuit 50 outputs a correct shift 
signal indicating Whether or not the prediction is correct, and 
the correct shift signal is received by the ?nal shifter 52 to 
either perform the one bit shift of the output of the shifter 48 
or to pass the output of the shifter 48 through unmodi?ed. 

In the illustrated embodiment, the prediction is a one hot 
vector Where each bit in the vector corresponds to one of the 
signi?cand bits. The set bit in the one hot vector indicates the 
predicted position of the leading one in the result signi? 
cand. For such an embodiment, the leading one correction 
circuit 50 may perform a bitWise AND of the prediction bits 
and the corresponding result signi?cand bits. The results of 
the ANDs may be ORed to produce the correct shift signal 
as an output. In this embodiment, the correct shift signal may 
be a binary one if the prediction is correct (and this the 
shifter 48 provides the correct shift of the result signi?cand) 
and a binary Zero if the prediction is incorrect. 

In one embodiment, the leading one correction circuit 50 
operates concurrent With the shifter 48. Thus, the operation 
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of the leading one correction circuit 50 may not add to the 
latency of completing the addition/subtraction as methods 
Which analyZe the most signi?cant bit of the shifted result 
signi?cand Would. Additionally, the leading one correction 
circuit 50 may, in some embodiments, be implemented in 
less circuit area than the proposal by Bruguera and Lang 
mentioned above. In one example implementation, the lead 
ing one correction circuit 50 may be approximately 25% of 
the area of the concurrent correction proposal by Bruguera 
and Lang. 

The encoder 46 encodes the prediction into a shift amount 
for the shifter 48, Which left shifts the result signi?cand by 
the shift amount. The encoder generates a shift amount 
indicated by the prediction (ie the shift amount Would 
cause the leading one to be shifted to the most signi?cant bit 
if the prediction is correct). Other circuitry (not shoWn) may 
generate the sign and exponent for the result. Speci?cally, 
the resulting exponent may be the larger exponent of the 
operands OP1 and OP2, reduced by the shift amount pro 
vided by encoder 46 and reduced by one more if the 
prediction from the leading one predictor 44 is incorrect. It 
is noted that the most signi?cant bit of the signi?cand may 
be dropped from the result if the result is a normal number. 
It is also noted that additional circuitry (not shoWn) may be 
included to detect if the result is a denorm or other special 
number (eg signalling or quiet not-a-numbers in the IEEE 
754 standard). The additional circuitry may modify the 
output of FPU 24A if the result is a denorm or special 
number. The additional circuitry may be integrated into the 
circuitry shoWn, if desired. 

It is noted that, While the embodiment of the leading one 
correction circuit 50 described above outputs a signal indi 
cating Whether or not the prediction is correct, other embodi 
ments may output any suitable indication. Furthermore, 
embodiments in Which the output signal is a binary Zero if 
the prediction is correct and a binary one if the prediction is 
incorrect are contemplated. 

It is noted that, While the illustrated embodiment uses a 
one hot vector for providing the leading one prediction, any 
value Which indicates the position of the leading one may be 
used. For example, the shift amount output by the encoder 
46 may be used, if desired. Furthermore, a value Which is the 
inverse of a one hot vector could be used. As used herein, the 
term “one hot vector” refers to a vector of binary bits, Where 
at most one bit in the vector is set and the remaining bits are 
clear. The one hot prediction vector may have a set bit in the 
bit corresponding to the predicted position in the signi?cand 
of the leading one. The term “leading one” of a value refers 
to the most signi?cant bit of the value Which is a binary one. 
Each more signi?cant bit in the value than the leading one 
bit is a binary Zero. The term “leading one prediction” refers 
to a prediction of Which bit in the value is the leading one 
of that value. 

It is noted that, While the leading one correction circuit 50 
is used With regard to the addition/subtraction of ?oating 
point signi?cands, other embodiments may employ the 
leading one correction circuit 50 for determining if the 
leading one prediction corresponding to any value is correct 
With respect to that value. 

It is noted that, While FIG. 2 illustrates hardWare for 
performing a ?oating point addition/subtraction, additional 
hardWare may be included for performing ?oating point 
multiplication/division. Furthermore, additional hardWare 
may be included for performing ?oating point transcenden 
tal operations such as sine, cosine, square root, etc., as 
desired. FPU 24B may be con?gured similar to FPU 24A. 

Turning noW to FIG. 3, a circuit diagram of one embodi 
ment of the leading one correction circuit 50 is shoWn. Other 
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8 
embodiments are possible and contemplated. In the embodi 
ment of FIG. 3, the leading one correction circuit 50 includes 
a plurality of AND gates 60A—60N and an OR gate 62. Each 
of the AND gates 60A—60N is coupled to receive a different 
bit of the result signi?cand (illustrated as Result[63:0] in 
FIG. 3) and a corresponding bit of the leading one prediction 
(illustrated as Prediction[63:0] in FIG. 3). The outputs of 
each of the AND gates 60A—60N are coupled as inputs to the 
OR gate 62, Which provides the correct shift signal as its 
output. 

Each of the AND gates logically ANDs one of the result 
signi?cand bits and the corresponding leading one predic 
tion bit. Since the leading one prediction is a one hot vector 
in this embodiment, With the set bit being in the position of 
the prediction Which corresponds to the position in the 
signi?cand at Which the leading one is predicted, the AND 
of the result signi?cand bits and the corresponding leading 
one prediction bits results in a logical one from one of the 
AND gates if the prediction is correct and a logical Zero 
from the other AND gates. If the prediction is incorrect, the 
AND Will result in a logical Zero from each AND gate. Thus, 
a logical OR of the outputs of the AND gates 60A—60N (OR 
gate 62) results in a correct shift signal of one if the 
prediction is correct and Zero if the prediction is incorrect. 

In the illustrated embodiment, the one hot vector has a bit 
for each bit in the result signi?cand. Therefore, each bit of 
the one hot vector corresponds to a different bit in the result 
signi?cand. Each AND gate 60A—60N receives one bit of the 
signi?cand result and the corresponding leading one predic 
tion bit. For example, FIG. 3 shoWs AND gate 60A receiving 
the signi?cand result bit 63 and the corresponding prediction 
bit 63. Similarly, AND gate 60B receives the signi?cand 
result bit 62 and the prediction bit 62; and AND gate 60N 
receives the signi?cand result bit 0 and the prediction bit 0. 
Other AND gates, not shoWn, receive bits 61:1 of the 
signi?cand result and prediction, respectively. ANDing the 
corresponding bits of tWo values in this fashion is referred 
to as bitWise ANDing (and similarly performing other logi 
cal operations on the corresponding bits is referred to as a 
bitWise operation). 

In the illustrated embodiment, the result signi?cand is 64 
bits. HoWever, in other embodiments, any siZe signi?cand 
may be supported. For example, signi?cands of the siZe 
speci?ed in the IEEE 754 standard may be supported (e.g. 
single precision, double precision, extended precision, etc.). 

In the illustrated embodiment, the OR gate 62 has 64 
inputs (one for each AND gate 60A—60N, Where there are 64 
bits in the illustrated embodiment). AWide OR such as OR 
gate 62 may be implemented in a number of fashions. For 
example, multiple levels of static or dynamic OR gates may 
be used to implement OR gate 62 (eg if four input OR gates 
are used, a ?rst level having 16 OR gates, each receiving 
inputs from a different four of the AND gates 60A—60N, 
may feed a second level of 4 four input OR gates Which may 
feed a third level of 1 four input OR gate). AWide dynamic 
OR gate may be used. Any suitable circuitry for performing 
the OR function may be used. Similarly, any circuitry 
performing an AND function may be used for each AND 
gate 60A—60N. 

It is noted that the circuitry shoWn in FIG. 3 is merely 
exemplary. Speci?cally, any Boolean equivalents of the 
circuitry shoWn may be used. For example, NAND gates 
may be used instead of AND gates 60A—60N, and an AND 
gate may be used instead of OR gate 62. Alternatively, the 
logical sense of the output signal (correct shift) could be 
reversed (eg a logical Zero indicating correct prediction and 
a logical one indicating incorrect prediction), in Which case 
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a NOR gate may be used in place of OR gate 62 or a NAND 
gate may be used in the above example in Which NAND 
gates are used in place of AND gates 60A—60N. 
Furthermore, the input signals may be changed (eg the 
logical opposite of a one hot vector may be used in Which the 
predicted position is a Zero and all other bits are a logical 
one) and/or the signi?cand result could have a binary Zero 
for each bit Which is actually a binary one and vice versa. 
Different gates may be used in these cases. Generally, 
embodiments in Which a one hot vector (or the equivalent 
thereof) is used may include a set of logic circuits Which 
perform a bitWise logic function on the corresponding 
signi?cand and prediction bits and a second logic circuit 
Which operates on the outputs of the set of logic circuits. As 
used herein, a logic circuit is a circuit (eg one or more 
transistors) Which receives one or more inputs and performs 
a prede?ned logical function on the inputs to generate one or 
more outputs. 

Turning noW to FIG. 4, a block diagram of one embodi 
ment of the ?nal shifter 52 is shoWn. Other embodiments are 
possible and contemplated. In the embodiment of FIG. 4, the 
?nal shifter includes a set of multiplexors (muxes) 
70A—70N. Each of the muxes 70A—70M is coupled to 
receive a ?rst bit of the output from the shifter 48 and a 
second bit Which is one bit less signi?cant in the output to 
the ?rst bit. Each of the muxes 70A—70M outputs a bit of the 
normaliZed signi?cand, the bit being the same position as the 
?rst bit. For example, mux 70A is coupled to receive bit 63 
(the most signi?cant bit) and bit 62 (the bit Which is one bit 
less signi?cant than bit 63) and outputs bit 63 of the 
normaliZed signi?cand. Similarly, mux 70B is coupled to 
receive bits 62 and 61 and outputs bit 62 of the normalized 
signi?cand; mux 70C is coupled to receive bits 61 and 60 
and outputs bit 61 of the normaliZed signi?cand; and mux 
70M is coupled to receive bits 1 and 0 and outputs bit 1 of 
the normaliZed signi?cand. Mux 70N receives bit 0 and a 
binary 0 (since there is no less signi?cant bit to bit 0) and 
outputs bit 0 of the normaliZed signi?cand. Other muxes (not 
shoWn in FIG. 4) receive the remaining bits and output the 
remaining bits of the normaliZed signi?cand in a similar 
fashion. There may be a total number of the muxes 
70A—70N equal to the number of bits in the signi?cand. 
Each of the muxes 70A—70N is coupled to receive the 
correct shift signal as a selection control. 

The set of muxes 70A—70N is arranged to perform either 
a one bit left shift of the output from the shifter 48 or a Zero 
bit shift. If the prediction is correct, in the illustrated 
embodiment, the correct shift signal is a binary one and the 
input of each mux labeled 1 is selected (eg the ?rst bit, as 
described above). If the prediction is incorrect, the correct 
shift signal is a binary Zero and the input of each mux labeled 
Zero selected (eg the second bit, as described above), and 
thus a one bit left shift is performed. Other embodiments in 
Which the meaning of a binary one and a binary Zero of the 
correct shift signal are reversed may reverse the inputs 
connected to the Zero input and the one input of the muxes 
70A—70B. 

It is noted that other embodiments of the ?nal shifter 52 
are contemplated. Any circuit Which is capable of perform 
ing a Zero or one bit left shift may be used. For example, a 
general shift circuit (capable of an N bit shift) may be used. 

Turning next to FIG. 5, a timing diagram illustrating one 
embodiment of a pipelining that may be employed Within 
the FPU 24A is shoWn. Other embodiments are possible and 
contemplated. In FIG. 5, tWo clock cycles are shoWn delim 
ited by vertical dashed lines (and labeled clock 0 and clock 
1). 
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10 
During clock 0, the operands are added in the adder 42 to 

produce the result signi?cand (reference numeral 80). 
Additionally, the leading one predictor 44 predicts the 
leading one of the result signi?cand using the operands 
(reference numeral 82). 

During clock 1, the result signi?cand is shifted in the 
shifter 48 responsive to the leading one prediction (reference 
numeral 84). Additionally, the leading one correction circuit 
50 determines if the prediction is correct and the ?nal shifter 
performs the ?nal shift in response to the output from the 
leading one correction circuit 50 (reference numeral 86). 
As mentioned above, the illustrated pipelining is merely 

exemplary and may vary from embodiment to embodiment. 
For example, the ?nal shift may be performed in another 
clock cycle subsequent to clock 1. Additionally, in other 
embodiments, the clock cycles shoWn in FIG. 5 may actually 
be phases of a clock rather than clock cycles. Furthermore, 
rather than falling Within a single clock period, the opera 
tions shoWn in FIG. 5 may occur in the second phase of a 
clock and the ?rst phase of a folloWing clock. Generally, the 
leading one correction circuit 50 may operate concurrent 
With the shifter 48. Similarly, the leading one prediction may 
be generated concurrent With the addition of the operands. 

Turning next to FIG. 6, a ?rst example of the operation of 
the leading one correction circuit 50 is shoWn. The example 
of FIG. 6 illustrates a misprediction by the leading one 
predictor 44. In the example, the leading one prediction 
predicts that the leading one Will be in bit 61 (as indicated 
by the set bit at bit 61 of the leading one prediction). 
HoWever, the leading one of the result signi?cand is in bit 
60. Thus, the leading one Will be in bit position 62 after the 
left shift performed by the shifter 48 in response to the 
leading one prediction. The bitWise AND of the result and 
the prediction is a vector of binary Zeros. When the Zeros are 
ORed together, a binary Zero results (indicating that a 
correction is needed). A one bit left shift may therefore be 
performed, moving the leading one to bit position 63. 

FIG. 7 is a second example of the operation of the leading 
one correction circuit 50. The example of FIG. 7 illustrates 
a correct prediction by the leading one predictor 44. In the 
example, the leading one prediction predicts the leading one 
in bit position 61. The result signi?cand has a leading one in 
bit position 61. Therefore, the leading one Will be in bit 
position 63 after the left shift performed by the shifter 48 in 
response to the leading one prediction. The bitWise AND of 
the result signi?cand and the leading one prediction is a 
vector of binary Zeros With a binary one at bit position 61. 
The resulting OR is a binary one, indicating that no correc 
tion is needed. Accordingly, the output of the shifter 48 is 
output as the normaliZed signi?cand. 
Carrier Medium 

Turning next to FIG. 8, a block diagram of a carrier 
medium 300 including a database representative of the 
processor 10 is shoWn. Generally speaking, a carrier 
medium may include storage media such as magnetic or 
optical media, e.g., disk or CD-ROM, volatile or non 
volatile memory media such as RAM (e.g. SDRAM, 
RDRAM, SRAM, etc.), ROM, etc., as Well as transmission 
media or signals such as electrical, electromagnetic, or 
digital signals, conveyed via a communication medium such 
as a netWork and/or a Wireless link. 

Generally, the database of the processor 10 carried on 
carrier medium 300 may be a database Which can be read by 
a program and used, directly or indirectly, to fabricate the 
hardWare comprising the processor 10. For example, the 
database may be a behavioral-level description or register 
transfer level (RTL) description of the hardWare function 
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ality in a high level design language (HDL) such as Verilog 
or VHDL. The description may be read by a synthesis tool 
Which may synthesize the description to produce a netlist 
comprising a list of gates from a synthesis library. The netlist 
comprises a set of gates Which also represent the function 
ality of the hardWare comprising the processor 10. The 
netlist may then be placed and routed to produce a data set 
describing geometric shapes to be applied to masks. The 
masks may then be used in various semiconductor fabrica 
tion steps to produce a semiconductor circuit or circuits 
corresponding to the processor 10. Alternatively, the data 
base on carrier medium 300 may be the netlist (With or 
Without the synthesis library) or the data set, as desired. 

While carrier medium 300 carries a representation of the 
processor 10, other embodiments may carry a representation 
of any portion of processor 10, as desired, including any 
?oating point execution units, leading one correction 
circuits, shifters, adders, leading one predictors, encoders, 
etc. 

Numerous variations and modi?cations Will become 
apparent to those skilled in the art once the above disclosure 
is fully appreciated. It is intended that the folloWing claims 
be interpreted to embrace all such variations and modi?ca 
tions. 
What is claimed is: 
1. An apparatus for use With an adder con?gured to 

generate a value and a leading one predictor con?gured to 
generate a one hot vector as a leading one prediction in 
Which each bit of the one hot vector corresponds to a 
different bit in the value, the apparatus comprising a circuit 
coupled to receive the value and the one hot vector to 
generate an indication of Whether or not the leading one 
prediction is correct for the value. 

2. The apparatus as recited in claim 1 further comprising 
a ?rst shifter coupled to receive the value and a shift amount 
indicated by the leading one prediction, Wherein the ?rst 
shifter is con?gured to shift the value responsive to the shift 
amount to produce a shift result. 

3. The apparatus as recited in claim 2 further comprising 
a second shifter coupled to receive the shift result and the 
indication, Wherein the second shifter is con?gured to shift 
the shift result one bit if the indication indicates that the 
leading one prediction is not correct. 

4. The apparatus as recited in claim 1 Wherein the circuit 
comprises a plurality of ?rst logic circuits, each of the 
plurality of ?rst logic circuits is coupled to receive a bit of 
the value and a corresponding bit of the one hot vector and 
to generate an output responsive to the bit and the corre 
sponding bit. 

5. The apparatus as recited in claim 4 further comprising 
a second logic circuit coupled to receive the outputs of the 
plurality of ?rst logic circuits and to generate the indication 
responsive to the outputs. 

6. The apparatus as recited in claim 5 Wherein each of the 
plurality of ?rst logic circuits is an AND gate. 

7. The apparatus as recited in claim 6 Wherein the second 
logic circuit is con?gured to OR the outputs of the plurality 
of ?rst logic circuits. 

8. The apparatus as recited in claim 1 Wherein the value 
is a signi?cand of a ?oating point number. 

9. A ?oating point execution unit comprising: 
an adder coupled to receive at least tWo signi?cands and 

con?gured to generate an output signi?cand in response 
thereto; 

a leading one predictor coupled to receive the at least tWo 
signi?cands and con?gured to generate a one hot vector 
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as a leading one prediction in Which each bit of the one 
hot vector corresponds to a different bit in the output 
signi?cand in response to an operation performed on 
the at least tWo signi?cands; and 

a circuit coupled to receive the output signi?cand and the 
one hot vector, Wherein the circuit is con?gured to 
generate an indication of Whether or not the leading one 
prediction is correct for the output signi?cand. 

10. The ?oating point execution unit as recited in claim 9 
further comprising a ?rst shifter coupled to receive the 
output signi?cand and a shift amount indicated by the 
leading one prediction, Wherein the ?rst shifter is con?gured 
to shift the output signi?cand responsive to the shift amount 
to produce a shift result. 

11. The ?oating point execution unit as recited in claim 10 
further comprising a second shifter coupled to receive the 
shift result and the indication, Wherein the second shifter is 
con?gured to shift the shift result one bit if the indication 
indicates that the leading one prediction is not correct. 

12. The ?oating point execution unit as recited in claim 9 
Wherein the circuit comprises a plurality of ?rst logic 
circuits, Wherein each of the plurality of ?rst logic circuits 
is coupled to receive a bit of the output signi?cand and a 
corresponding bit of the one hot vector and to generate an 
output responsive to the bit and the corresponding bit. 

13. The ?oating point execution unit as recited in claim 12 
further comprising a second logic circuit coupled to receive 
the outputs of the plurality of ?rst logic circuits and to 
generate the indication responsive to the outputs. 

14. The ?oating point execution unit as recited in claim 13 
Wherein each of the plurality of ?rst logic circuits is an AND 
gate. 

15. The ?oating point execution unit as recited in claim 14 
Wherein the second logic circuit is con?gured to OR the 
outputs of the plurality of logic circuits. 

16. A method comprising: 
receiving a value from an adder and a corresponding 

leading one prediction in form of a one hot vector in 
Which each bit of the one hot vector corresponds to a 
different bit in the value; and 

determining if the leading one prediction is correct for the 
value by using the one hot vector to operate on corre 
sponding bits of the value. 

17. The method as recited in claim 16 further comprising 
shifting the value responsive to a shift amount indicated by 
the leading one prediction to produce a shift result, Wherein 
the shifting is performed concurrent With the determining if 
the shift amount is correct by the leading one prediction. 

18. The method as recited in claim 17 further shifting the 
shift result one bit if the leading one prediction is not correct. 

19. The method as recited in claim 16 Wherein the 
determining comprises logically ANDing each of the bits of 
the value With a corresponding bit of the one hot vector. 

20. The method as recited in claim 19 Wherein the 
determining further comprises logically combining a result 
of the logically AN Ding each of the bits of the value With the 
corresponding bit of the one hot vector. 

21. The method as recited in claim 19 Wherein the 
logically combining the result comprises logically ORing 
the result. 

22. The method as recited in claim 16 Wherein the value 
is a signi?cand of a ?oating point number. 

* * * * * 


